Abstract
Introduction
Marine hydrothermal vents are known for its characteristic habitat since the fluids emitted from the vents are distinguished by high temperatures, high concentrations of CO2, H2S and heavy metals.
The vents occurring at a depth of below 200 m and 0 -200 m are defined as deep-sea and shallow hydrothermal vents respectively. Primary productions in deep-sea hydrothermal vent ecosystems are mainly based on chemolithoautotrophy 1,2 whereas shallow-water hydrothermal vent ecosystems are largely influenced by photosynthesis 3 . Shallow-water hydrothermal systems can be described as high energy environments, where microbial metabolism is fuelled by light and as well as by chemical energy sources 4 . Hence, the microbial communities inhabiting in the shallow hydrothermal vents would be different from those deep-sea counterparts with a dominance of photosynthetic microbial lineages. However, shallow submarine hydrothermal vents are less understood habitats in the ocean but have been intensively focused for research in past 3 decades 5 .
Low-temperature hydrothermal vents, which form by the mixing of high-temperature hydrothermal fluids and seawater, are omnipresent in recent submarine hydrothermal systems 6 .
Microorganisms are involved in the transformation of inorganic compounds released from hydrothermal vent emissions hence they are at the basis of the hydrothermal system food web 7 .
Understanding the microorganisms present in shallow water hydrothermal vents is essential to comprehend how microorganisms influence biogeochemical cycles. So far culture-independent molecular technique using 16S rRNA gene has been successfully studied for investigating the microbial communities in various hydrothermal systems 8, 9, 10, 11 .
There are nine shallow water hydrothermal vent fields have been identified so far within the Azores Archipelago. When compared to deep-sea counterparts, shallow hydrothermal vent regions in the Azorean Islands are not explored in the aspect of diversity and ecology 12 . The proximity of the Azorean Islands (Portugal) provides accessible sampling sites for studying microorganisms inhabiting in hydrothermal vent ecosystems. D. Joao de Castro seamount (DJCS, located between the islands of Terceira and Sao Miguel) and Espalamaca (located in Faial-Pico channel off the Espalamaca headland) are well documented in the aspect of culture dependent microbes 13, 14, 15 from the Azores Island. More recently molecular diversity of culture dependent bacteria was investigated using 16S rRNA gene sequencing from shallow vents in Espalamaca 15 . The results indicated that culturable fractions of Proteobacteria were dominant followed by Bacteroidetes, Firmicutes and Actinobacteria. Many of those were novel bacteria and they were not having previous records for their existence in such environments. However, there is no report on culture independent based approach on microbial diversity in shallow water hydrothermal vents in the Azores.
In this investigation, we attempted to explore the culture independent microbial community structure from the shallow water hydrothermal vent of Espalamaca based on16S rRNA gene sequence clone library approach. In addition, the clone library data was compared with few other shallow water hydrothermal vents of similar type to reveal the differences of microbial community pattern. Further, culture independent community structure from shallow vent region was compared with the non-vent region of Espalamaca.
Materials and methods

Site description and sample details
Surface and bottom water and sediment samples were collected from the shallow hydrothermal vent (36 m depth) and non-vent sites (38 m depth) in Espalamaca (38°33'N; 28°39'W) during April 2014 by scuba divers (Fig. 1) . Sediment samples were collected using sterile polycarbonate tubes and water samples were collected using Niskin samplers (2.5 L capacity). Samples were immediately brought to the laboratory, University of Azores.
Genomic DNA Extraction
Seawater samples (2.5 L) were filtered using 0.2 μm cellulose nitrate filters (Sartorius). Genomic DNA was extracted from the filtered papers using E.Z.N.A water DNA kit (D5525, Omega)
following the manufacturer's instructions. Genomic DNA from the sediment samples was extracted with 2 steps. The first step based on the method by Luna et al. 16 with phenol-chloroform. In the second step, the above DNA samples were purified following the E.Z.N.A. Soil DNA kit protocol (D5625, Omega). The presence of genomic DNA was confirmed with 1.0 % agarose gel electrophoresis with 0.5X Tris Borate EDTA buffer (TBE) buffer.
PCR amplification of 16S rRNA gene and clone library construction
Bacterial 16S rRNA genes were amplified using eubacterial primer sets 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-GGTTACCTTGTTACGACTT-3') 17 . Figure 2 .
Proteobacteria: The phylum Proteobacteria was found to be dominant with 59 clones (38 phylotypes) in the hydrothermal vent region which includes α, γ, ε, δ and ζ subdivisions. Among them, half of the bacterial clones were affiliated to γ-Proteobacteria, representing 12.5 %, 13. clones (17 phylotypes Gemmatimonadetes and Ignavibacteriae were some of the other phyla observed in this venting region with one clone each. It is noteworthy to mention here that all of these minor groups were observed only in the sediment library (EVSd). Phylogenetic position and evolutionary relationships of clone sequences belong to the phylogenetic groups other than Proteobacteria are given in Figure   3b .
Bacterial diversity from non-vent region
We 
Discussion
In Faial Island, a low-temperature Espalamaca hydrothermal field has been discovered in the FaialPico channel off the Espalamaca headland (Faial Island, Azores, NE Atlantic). The main venting area, named Espalamaca vent field, extends for a few tens of meters at approximately 35 m depth.
Gas emissions can be observed venting out of the sediment, as well as through cracked hard ground.
Preliminary analyses of the gaseous discharges from the vents suggest that they are mainly composed of CO2, with low concentrations of methane, temperature as high as 35 °C and pH values of 5.7
(Colaço pers. comm.). CO2 is the primary gas found in most of the shallow water hydrothermal vents described previously 9, 24 . This hydrothermal field is also integrated into a larger protected area reported from various Oceans ( It is noteworthy to cite that the ε-Proteobacteria group has also been reported to represent a major part of microbial communities at deep-sea hydrothermal vents as well 8, 35 . Results from the previous investigation revealed that ε-Proteobacteria accounted significant part in the domain bacteria, between 40 and 80 % from the 16S rRNA clone libraries. However, microbial communities in the present study region revealed that the composition of ε-Proteobacteria was only 3 % in total which is a contrast to other hydrothermal vents. It is worth mentioning here that the ε-Proteobacteria clone sequences were affiliated to the order Campylobacteriales which are generally mesophilic and microaerophilic in nature 36 . Further, one of the phylotypes (clones EVBw-F45 and EVSd-A78) belong to the phylum ε-Proteobacteria was closely related with the GenBank sequence HE576785, interestingly it was reported from a microbial mat in Lucky Strike hydrothermal vent field (Mid-Atlantic Ridge). In addition to that, clones EVBw-F45 and EVSd-A78 are closely related with the genus Arcobacter in RDP database which are reported to be the producers of elemental sulphur in filamentous form from the oxidation of sulphide 37 . This information reveals that even though mesophilic ε-Proteobacteria groups are present in low level in the study area, they are involved in sulphur oxidation process. were observed between our results and other shallow hydrothermal vent fields indicated ( Table 1 ).
The present investigation revealed more than 15 phylogenetic groups, whereas in other venting regions it was reported less ( Table 1) .
In Milos and Juan de Fuca Ridge, the numbers of phylogenetic groups were around 7 and in Loihi Seamount, the numbers of phylogenetic groups were reported to be 3 excluding few unknown groups. This may be due to lower number of sequenced clones. Whereas, in South Tonga Arc vents, they sequenced larger number of clones hence the number of phylogenetic groups was more than 10.
Even though clones sequenced from EVSd library (n=100) were less than the photic zone vent of to SAR11 groups obtained from this study are given in Figure 5 . Clones belong to SAR11 clade was not observed in sediments of both vent and non-vent regions.
The presence of Cyanobacteria and Chloroflexi groups confirms that these photosynthetic bacteria are involved in primary production in the shallow water hydrothermal vents. 42 . In addition, they are the only known organisms able to perform anaerobic ammonium oxidation (anammox), which could be a significant process in these ecosystems 43, 44 .
Members of Actinobacteria appear in a small fraction at hydrothermal vents when compared to non-thermal environments 45 . In this investigation, we did not come across with Actinobacteria members in the venting region while Actinobacteria was found to be the second dominant phyla in (Fig. 6 ). Overall, a total of 84 phylotypes each were obtained from both the sites and the majority of them (84.5 %) were unique to the ecosystem. Only a few phylotypes (15.5 % of total) were observed to be common between the vent and non-vent libraries. Pseudoalteromonas are some of the common genera observed in both culture dependent and culture independent analysis. The present study represents the first report on culture independent microbial community analysis in the shallow hydrothermal vent in the area of the Azores Islands.
We attempted to find out the presence of functional genes from the sediment DNA sample using available primer sets (data not shown). Interestingly, we could see PCR amplification bands for the genes of methanol dehydrogenase (mxaF), carbonic anhydrase and soxB. Carbonic anhydrases is a metalloenzyme catalyzing the reversible hydration of carbon dioxide to bicarbonate and play important roles in global carbon cycle 46 . Methanol dehydrogenase, is highly conserved among distantly related methylotrophic species in α-, β-and γ-Proteobacteria 47 .
The presence of soxB gene shows that there are active sulphur oxidizing microbial communities in shallow hydrothermal vent.
This additional information revealed the importance of shallow hydrothermal vent bacteria which are involved in global biogeochemical cycles.
Conclusion
The Espalamaca hydrothermal vent region harboured distinct bacterial communities when compared with a non-venting region located 500 m south to the vent site. 
